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BLOCK COPOLYMERS 

. The present invention reiates to blocl< copolymers >ivhich hiave the 
ability to undergo changes, when exposed to selected stimuli, often 
reversibly. For instence, aqueous solutions of the block copolymers may be 
5 gelled by changing the pH of the environment, and may be used as drug 
delivery systems. 

We have previously reported controlled radical polymerisation, using 
atom transfer radical polymerisation (ATRP) processes, to polymerise 2- 
methacryloyloxyethyl-trimethylammoniumethyl phosphate Inner salt (MPG), : 

10 in WO-A-0228929. The technique allows control of the molecular >veight of 
the polymer and is particulariy useful for formir^ block copolymers by 
sequential monomer addition. Blckd< copolymers were formed Vnter a//d wi^ 
Z^iydroxyethylmethacrylate (HEAAA). dimethylamino ethyl methacrylate 
methyl chloride salt (DMAEMA.MeCI). poly(propylene glycol), sodium 

15 4-sfyrene sulphonate, carb09^t>etaine ethyl methacirylate, 

methylmethacrylate, 2-(dimethylamlno) ethyl methacrylate (DNA) and 
2-Cdiethylamino) ethyl methacrylate (DEA). Triblock copolymers were also 
fomned, by a three step process. In none of the examples was a block 
copolymer formed having a core block comprising MPG and more than one 

2 0 terminal block extending therefrom formed of a stimulus responsive 

monomer. A block copolymer (A-B) of MPG with DEA was shown to form 
. micelles by adjustment of the pH of an aqueous solution, in particular by 
raising the pH firom 1 .37 to 8.68. 

I 

In European Patent Application No. 02251 505.0, not published at the 
. 25 . priority date we describe amphiphilic block copolymers having hydrophiilc 
block, usually fomied of MPG, and a relatively hydrophobic block. The 
relatively hydrophobic block comprised diethylamino ethyl methacrylate, 
These A-B type block copolymers were pH sensitive, whereby micelles could 
be fonned at high pH, whereby hydrophobic actives partitioned Into the 
3 0 hydrophobic micelle cores. Although it was suggested that the block 
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copolymers could be A-B^ or B-A-B copolymers, there were no worked 
examples on such polymers. 

Taielsen. J. H. et ai m ACS Polymer Preprints, 2002. 43(2). 257-258. 
describe A-B-A block copolymers which are pH responsive. The B bloc* is 
fomied of poly(ethylene oxide), whilst the A blocks are Rjrmed. of pol^ 
(sodium 4-vinylbenzoate). The polymers showed a pH-dependenl 
behaviour, sudi that at pH's above the pKa of poly(4-vinylbenzolc add) 
(about 4:4) the block copolymer formed a mobile solution and at pH's below 
the pKa the Mode copolymer micellised at low concentrations and formed a - 
gelathlgh.concentrations. The acidic groups at low pH are protonated and 
the A blod<s consequently hydrophobic such that they are associated with 
one another. 

-engtrf4hei9reblem» ^ich may be snivftri hy the prfffieht Inventions is 
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the provision of block copolymers which are capable of gelling in^aqiieous 
solution under conditions whidi are relatively mild, for Instance at around 
neutral pH. 

A^r^rHinn to the oresent Invention there is provided a new block 
copolymer comprising a hydrophllic core block and at least two temilnal 
blocks, each tenninal block being stimulus-responsive in which the tjlocks • 
are each formed at least in part by the polymerisation of ethylenically 
unsaturated monomers, wherein the average degree of each terminal block 
is at least 20 charaderised in that the core block comprises zwitterionic 
pendant groups, and has a degree of polymerisation of at least 100., 

The block copolymer of the invention may comprise a core with more 
than 2, for instance 3 or more, temninal groups attached, for instance having 
a star architedure. Alternatively the core blod< may be the backbone of a 
comb type polymer, having multiple pendant blocks each fomiing terminal 
groups. Very useful blod< copolymers are simple A-B^ iriblock copolymers. 
■ generally in which each of the A blocks is identical, and fomn In the same 
30 polymerisation Step. 
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Preferably the monomers from vi^ich the core biod( is fomied 
comprise compounds of the general formula I ■ 

YBX I 
in which Y is an ethylenically unsaturated group selected from HjCsCR-CO- 
5 A-, H2C=CR-C6H4-A^-, HzCsCR-CHaA^. R^O-Cp-CR^CR-CO-O, RCH^CH- 
CCMD-, RCH=C(C00R2)QH2-C0-0, 
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Ais-O-orNR^; 

Is selected ifirom a bond, (CH2),a2 and (CH^i SO3- in which lis 1 to 

12; 

15 A^ is selected from a bond, -0-, O-CO ■, CO-O, CO-NR^-, -NR^-CO, O- 

CO-NR^-, NR^-CO-O-; 

R is hvdrooen or . aikvl- 

Rl Is hydrogen, Ci^alkyl or BX 

R^ is hydrogen or alkyi; 
20 B is a bond, or a straight branched alkanediyi, all^lene oxaalkylene, 

or alkylene (oligooxalkylene) grbup, optionally containing one or more 
fluorine substituents; ' 

X is a z>A^erlonic group. 

Preferably X Is an ammonium, phosphonium, or. sulphonium 
25. phosphate or phosphonate ester zwitterionic group, more preferably a group 
of the general formula II 
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in which the moieties A' and A*, which are the same or different, are - 
O- -S-, -NH- or a valence bond, preferably -0-, and VNTIs a group, 
comprising an ammonium, phosphonlum or sulphonium cationic group and a 
group linldng the anionic and cationic moieties which is preferably a Ci.,2- 
5 alkanediyl group, 

preferably in which yvris a group of formula 
-W-N*R^3, -V\r»-P*RV -W^-S^R'^a or -W^-Het* In which: 

VVT Is alkanediyl of 1 or more, preferably 2-6 carbon atoms optionally 
containing one or more ethylenically unsaturated double or triple bonds, 
10 disubstltuted-aryf (arylene). alkylene arylene, arylene alkylene, or alkylene 
aryl alkylene, cycloalkanedlyl, alkylene cycloalkyl. (^loalkyl alkylene or 
alkylene cycloalkyl alkylene. which group optionally contains one oir more 
fluo rin e su bstitoerrt9-andteF-ene-eHfBefefai^Gnal-greups;-aBid- 



elther the groups are the same or different and each Is hydrogen 
15 or alkyi of 1 to 4 carbon atoms, preferably methyl, or aryl, such as phenyl, or 
two of the groups R^ together with the nitrogen atom to which they are 
aiiached form an aliphatic hstsrocyclic ring containing from 5 to 7 atoms, or 
the three groups R^ together with the nitrogen atom to which they are 
attached as heteroaromatlc ring having 6 to 7 atoms, either of which rings 
20 may be fused with another saturated or unsaturated ring to form a fused ring 
stoicture containing firom 5 to 7 atoms in each ring, and optionally one or 
more of the groups is substituted by a hydrophilic functional group, and 

the groups R^ are the same or different and each is R^ or a group 
OR', where R' is as defined above; or 
2 5 Het Is an aromatic nitrogen-,, phosphorus- or sulphur-, preferably 

nitrogen-, containing ring, for example pyridine. 

Monomers in which X is of the general formula in which W* Is 
W^N*R% may be made as described in our earlier specification WO-A- 
9301221. Phosphonium and sulphonium analogues are described in WO-A- 
30 9520407 and WO^-941 6749. 
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Generally a group of the formula II has the preferred general formula 

III 

o 

^o ji^o^ ® - 

Ae 

where the groups are the same or different and each Is hydrogen or 
alkyi, and m is from 1 to 4, In which preferably the. groups are the same 
preferably methyl. - _ ... 

In phosphobetaine based groups, X may have the general formula IV 

oe 

II 
O 

in which is a valence bond, -O-, >S- or -NH-, preferably -0-; 

R^ is a valence bond (together \Adth A^) or alkanediyj, -C(0)all<ylene- 
or -G(0)NH a!lQ,'!ene preferably alkanediylj and preferably containing from 1 
to 6 carbon atoms in the alkanediyi chain; 
is S, PR^ or NR^; 

the or each group R^ is hydrogen or all^l of .1 to 4 carbon atoms or 
the two groups R^ together with the heteroatom to which they are attached 
form a heterocyclic ring of 5 to 7 atoms; 

R" Is alkanediyi of 1 to 20, preferably 1 to 10, more preferably 1 to 6 
carbon atoms; 

A® is a t>ond, NH, S or O, preferably O; and 

R^ is a hydroxyl, C^i^z alM> C1.12 alkoxy. C7.18 aralkyi, C7.18 -aralkoxy, 
C6.:,8 aryl or Cg-is aryloxy group. 

Monomers comprising a group of the general formula IV may be made 
by methods as described in JP-B-03-031718, in which an amino sqbstitutied 
monomer is reacted with a phospholane. 



In compounds comprising a group.of the generai fonnula IV^ It Is . 
prefen-ed that 

A* Is a bond; 

is a Cz^ alkanedlyl; 
5 W^isNR^: 

each R^ is Ciui alkyi; 
R* Is Ca^ alkanedlyl; 
A* Is O; and 
R® Is C,^ alkoxy. 

10 Alternatively X may be a zwitterion In which the anion comprises a 

sulphate, sulphonate or carboxylate group. 

One example of such a group is a sulphobetaine group, of the general 

fuiiiiulaV ' — '• — ' 

. Rio 

® LcH^ V 

i>10 

where the groups are the same or different and each is hydrogen or Cu 
alkyi and m Is from 2 to 4. 

Preferably the groups R®^ are the same. It is also preferable that at 
least one of the groups Is methyl, and more preferable that the groups 
are both methyl. 

Preferably s Is 2 or 3, more preferably 3. 

Another example of a zwitterionic group having a carboxylate group is 
an amino acid moiety in which the alpha carbon atom (to wlhlch an amine 
group and the carboxylic acid group are attached) is joined through a linker 
group to the backbone of the biocompatible polymer. Such groups may be 
represented by the general formula VI 
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in which is a valence bond, -0-, -S- or -NH-, preferably -0-, 

R" is a valence bond (optionally together with or alkanediyl. - 
C(0)alkylene- or -C(0)NHalkyiene. preferably alkanediyl and preferably 
cor\tainihg from 1 to 6 carbon atoms; and . 

the groups R^^ are the same or different and each is hydrogen or alM 
of 1 to 4 carbon atoms, preferably methyl, or two or three of the groups R^^ 
together with the nitrogen to which they are attached, form a heterocyclic 
ring of ftom 5 to 7 atoms, or the three group R" together with the nitrogen 
atom to which they are attached form a fUsed ring heteroK^dic structure 
c(Mitalning from 5 to 7 atoms in'each ring. 

Another example of a zv\^tterion having a carboxylate group is a 
narbow hataine -N®^R^^^-.^CH^^-C6o® in which the R^® orouDS are the same 

^ . _ - - ^- - — — . 

or different and each is hydrogen or C,^ alkyi and p is 2 to 6, preferably 2 or 
3. 

In the zwitterionic monomer of the general fonmula I it is preferred that 
the ethylenic unsaturated group Y is HzCsCR-CO-A-. Such (alk) acrylic 
moieties are preferably methaarylic, that is in which R is methyl, or acrylic, in. 
which R is hydrogen. Whilst the compounds may be (alk)acrylamido 
compounds, that Is ih which A is NR\ in which case R^. is preferably 
hydrogen, or less preferably, methyl, most preferably, the compounds are 
esters, that is in which A is O. 

In monomers of the general formula I, especially where V is the ' 
preferred (alk)acrylic group, B is most preferably an alkanediyl group. 
Whilst some of the hydrogen atoms of such group may be substituted by 
fluorine atoms, preferably B is an unsubstituted alkanediyl group, most 
preferably a straight chain group having 2 to 6 carbon atoms. 



A particularly preferred zyvitterionic monomer is 2- 
methacryloyloxyethyl-2'-trlmethylammonium ethyl phosphate Inner salt. 

Preferably the monomers from which the terminal blocks are formed 
comprise compounds of the formula y I 




VI 



where R^" is selected firom the group consisting of hydrogen, halogen, 
alkyi and groups COOR^® in which R'* Is selected from the group 
consisting of hydrogen and C^^ alkyI; 

Is seleutuU f r om tlie g roup^nsldHng of h y dregenrhaiQ9Q»-a"^ — 



C41. alkyI; 

R^e is selected from the group consisting of hydrogen, halogen, C^^ 
alkyi and groups COOR^* provided that R^'' and R^® are not both COOR^« 
«r and Ri6 msiv fon^ther form CONR^®CO in which R^® is a C4.,n 

wi m -* ' - * - ♦ *^ w " _-. . 

alkyi group; and 

Ri7 js selected from the group consisting of Ci.10 alkyi, C^^o 
alkoxycarbonyl. mono- and di- (C^^ alkyi) amino carbonyl, C6.20 aryii 
aralkyl. Ce^ aryloxy carbonyl, C7.20 aralkoxyl carbonyl, Ce.20 arylamino 
carbonyl, Cr^ aralkyl amino carbonyl, aralkylamino and C2.10 acyloxy 
groups, in which an alkyi or aryl group has a substituent which is responsive 
to a stimulus and In which any of the alkyi or aryl groups may additionally be 
substituted by one or more substituents selected finom halogen atoms, 
alkoxy. oligo-alkoxy, aryloxy, acyloxy, acylamino, amine (including mono and 
di-alkyi amino and trialkylammonium in which the alkyi groups may be 
substituted), carboxyl, sulphonyl, phosphoryl, phosphino, (including mono- 
and di-alkyi phosphlne and tri-alkylphosphonium), zwitterionic, hydroxyl 
groups, vinyloxycarbonyl and other vinyllc or allylic substituents, and 
reactive silyl or silyloxy groups, such as trialkoxysilyl.groups. 
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Generally the stimulus-responsive substituent is a proton donor or 
proton acceptor preferably one w^ich has that property when the polymer is 
in an aqueous environment In the pH range 2 to 10. Core blocks formed . 
from monomers having sadh groups generally confer pH-sensltivity on the 
5 blodc copolymer. 

Preferably in the monomer of the general formula VI, the stimulus- 
responsive substituent comprises a group selected from oarboj^lic, 
carboxylate. SO3H. SO3-. PpaHR* and POa-R" and PO3*, In which R*" is 
selected from the group consisting of hydroxyl, alKyl C1.12 alko)^, C6.18 
10 aryl, Ce.18 arylojy, C7.18 aralM and C7.18 aralkoxy. 

In an alternative embodiment, in monomers of the general formula VI, 
the stimulus responsive substituent is selected firom the group consisting of 
NR% N* R^'aH, PR^a. P*R^2H, SR^\ S* R^^H, wherein the or each group 
R^ is selected firom the group consisting of hydrogen,, optionally substituted 
15 C^jso alkyi and aryi, or the two groups are joined to form, together with the 
heteroatom to which they are each attached, a 5-7 membered heterocycie, 
and each R" Is R*' or Ok~. 

Preferably, in the monomer of the general f»rmula VI, eadi of R^" and 
R^° Is H, R^* is selected from hydrogeri and C^^ atl^, and R*^ is a 
20 e\koyy c»rbonyi group, or a mono- or di- (C,^ alkyI) amino carbonyl. having 
a substituent which is a cpmip Preferably the groups R^ are alM 
groups and are the same as one another. Preferably an alkyI group R^ Is a 
branched all^l group, most preferably isopropyl. Preferably R^' is a C2. 
12-alko)^ carbonyl, most preferably alko)^ carbonyl. Preferably R^® is 
25. hydrogen or methyl. 

Either or both the core and terminal blocks may include comoriomers, 
for Instance to provide functionality, control over hydrophbbicity, control over 
pH sensitivity, pK^ or pi^ as the case may be or other stimulus 
• responsiveness, or as general diluents. For instance comonomers providing 
30 fundionalify may be useful to provide conjugation of pendant groups 

fbltoviring.pblymerisation to targeting moieties, or U> provide for conjugation 




between the biologically active molecule and the polymer. Alternatively, ' 
functional groups may allow for crosslinking of the polymer following 
exposure to a stimulus to confer increased stability on the resultant 
structure. Comohomers may be selected from compounds of the general 
5 formula VII 




In which R^* is selected from the group consisting of hydrogen, halogen, C^^ 
alkyi and groups COOR^ in whidi R^' is hydrogen and C,^ alkyi; 
f^g^-t^f^c«>tai»t« rf frnm thft _f| ini i p mr^fijfifj n f; ; p f hvdropen, Kajogen and 

. C,:^ alkyi; 

15 R^ is selected from the group consisting of hydrogen, halogen, C^^ 

alkyi and groups COOR^ provided that R^ and R^ are not both COOR^^; 
and 

R^ is selected firom the group consisting of C^io alkyi, C,^ 
alkoxycarbonyi, mono- and dKCi^ alkyi) amino carbonyl, C©^ aryl 

20 (including alkaryl), C7.ao aralkyi, C««o aryloxycarbonyl. Cy^ao - 

aralkylo}q^carbonyl, Ce-ao arylamino carbonyl, C7.20 aralkyl-amino carbonyl. 
hydro)^l and carboxylic C2.10 acyloxy groups, any of which may have one or 
more substituents selected from the group conisisting of halogen atoms, 
alkoxy, oligo-alko)Qr, aryloxy, acyloQ^, acylamino, amine (including mono and 

25 di-alkyi amino and trialkylammonium in which the alkyi groups may be 

substituted), carbo^l, sulphonyl, phbsphoryl, phosphino, (including mono- 
and di- all^l phosphine and tri-alkylphosphonium), zwitterionic, hydro)^!, 
vinyloxycarbonyl and other vinyiic and allylic groups, and reac^e silyl and 
. silyloxy groups, such as trialkoxysiiyi groups; 

30 or R28 and R* or R^ and R^ may together form -CONR^CO In which 

R^ is a Ci.2o alkyi group. 
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K is preferred for at least two of the groups R^^, R^'*, and to be 
halogen or, more preferably, hydrogen atoms. Preferably R^ and R^** are 
both hydrogen atoms. It is particularly preferred that compound of general 
formula VII be a styrene-based or (alk)acrylic based compound. In styrehe 
5 based compounds R^ represents an aryl group,, especially a substituted aryl 
group in which the substltuent is an amino all^l group, a carb(»^ate or a 
sulphonate group. Where the comonomer is an (alk)acryiic type compound, 
R^ is an alko}^carbonyl, ari alkyi amino carbonyi, or an aryloxy cartmnyl 
group R^ and R** are each hydrogen and R^ is hydrogen or C^^ alkyl. Most 

10 preferably In such compounds R^ is a -alko)^ carbonyi group, 
optionally having a hydro;^ substituent. (Alk)aaryiic compourKis are 
generally methacrylic in which case R^ is methyl. 

. Preferably the comonomer is a non>ionic comonomer, such as a 
alkyl(aik)-acrylate or -acrylamide, mono- or di- hydroxy-Ci^-alkylCalk)- 

15 acrylate, or acrylamide, oligp(C2.3 afkoxy) Cz-ie-alkyl (alk)-acrylate, or - 
acrylamide, styrene, vinylacetate or N-vinyilactam. 

Where a ccmoncmer is present in the respective block its arnount Is 
preferably up to 90% by mole, more preferably up to 50% by mole. 

For optimum control of stimulus response, the block copolymers 

20 should have controlled molecular weights. It is preferable for each of the 
blocks to have a molecular weight controlled within a nanrow band, that is to 
have a narrow polydispersity of molecular weight thepolydispersity of 
molecular weight of the core block should, for instance, be less than 2.0. 
more preferably less than about 1.5, for instance In the range 1.1 to 1.5. 

25 Similarly, the molecular weight of the temfilnal block should be controlled, for 
instance In the range 1 .1 to 3.0 preferably 1 .2 to 2.O.. 

. The degree of polymerisation of the core block, in the preferred A-B-A 
block copolymer, is directly proportional to the distance between the two 
terminal blocks. The distance has an effect on the change in properties due 

30 to the imposition of the external stimulus. The degree of polymerisation is at 
least 1 00, more preferably at least 1 50, for instance 200 or more. It may not 




be necessary to have a degree of polymerisation above about 400. Where 
the core block is formed of two or more arms, extending from a single central 
group, such as the residue of a dl- or higher functional Initiator, the degree of 
polymerisation for the core block means the total number of monomer units 
5 In all arms, rather than the number per ama. For such polymer? the degree 
of polymerisation per arm la preferably at least 20 more preferably at least 
30, most preferably 50 or more. 

The degree of polymerisation of each oip the terminal blocks Is at least 
20. Preferably the degree of polymerisation Is at least 40, for instance In the 

10 range 50 to 200. 

Preferably the ratio of the degree of polymerisation of the core block 
to the average degree of polymerisation of the terminal blocks (i.e. per 

block) is in the range 20:1 to 1:1. preferably fh the range Id; I to 3J. 

The block copolymers are responsive to a stimulus, that Is they 
15 change their molecular fomri under the imposition of an external stimulus. 
Preferably this change is reversible, so that upon removal of the stimulus, 
the block copolymer reverts to its oriylnal physica! forrn. Th© change may be 
apparent In condHlons where there is no continuous liquid phase, for 
instance where the block copolymer is in the form of a bulk solid, optionally 
20 blended with other polymers. Generally, however, the response to the 

stimulus takes place in an environment involving a continuous liquid phase, 
in which the polymer is dispersed, as a solution or suspension. The liquid 
phase may comprise organic solvents, for instance blends, especially esters, 
alcohols, ethers, chlorinated solvents, aromatic solvents or alkanes, but is 
25 most preferably aqueous, generally consisting only of water as a liquid, but. 
optionally containing other dissolved materials. 

In the invention the stimulus preferably effects a change in rheology. 
The change conveniently, comprises increase In viscosity, for instance the 
formation of a gel. 

3 0 Stimuli to which the polymer responds may Include temperature 

changes which effect a changis in the extent to which the terminal blocks 
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associate with one anotlier. Thus where tlie terminal bloci^s tend to 
associate with one another only above, or alternatively below, a transition 
temperature in the solvent environment a temperature change may be used 
to effect the response. Suitable terminal blocks may be formed from 
5 ailQ^I(alk)acryIamides. such as N-isopropylacrylamide, hydroxyalkyl(alk) 
acryiates and dialkyiaminoalkyl<alk)acryiates. 

The stimulus may additionally or altennativeiy be a change in the 
Qoncentration of dissolved ions, imposition of shear or irradiation with light or. 
other electromagnetic radiation. Where the stimulus is a change in salt 

10 concentration, for instance, the temnlnql blocks may be formed from a 
monomer known to confer salt-sensitivity on polymers, for instance 
comprising a N-morphdino group such a8-2-(N-morpholino) ethyl 
methacrylate. Where the stimulus is a temperature change, monomers for 
fomiing the terminal block may have i-elatively high hydrophoblclties at 

15 raised temperatures, for instance comprising hydroxy alkyi groups. 

In one preferred embodiment, the block copolymer is responsive to a . 

■»». 'ss" " . r' »" •a'* I !-»• • y"=' any ivi iioeo wi ueiui iisos in© penaani - 

groups of the tenriinal groups, by protonating or deprotonating them. For 
instance, tertiary amine groups will be protonated at low pH!s under acidic 
20 conditions, and will be sufficiently hydrophillcfor associating with water 
molecules forming molecularly dispersed solutioris iri aqueous liquids. 
When the pH is raised, to basic values, for Instance above 8, the ammonium 
salts will be deprotonated, forming tertiary amine groups which are relatively 
hydrophobic, especially where the alkyI groups are propyl or higher, and 
25 especially where they are secondary alkyI groups, these pendant groups are 
relatively hydrophobte and prefer to fonn hydrophobic interactions with other 
iiki^ terminal groups. 

Since the block copolymers have at least two terminal blocks, spaced 
apart by the group, they may become part of two different hydrophobically 
3 0 associated micelles. This allows a network of micelles through the 

. continuous phase, fonning a gel structure. This is illustrated schematically 
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in figure 1 of the accompanying drawings where the stimulus is the preferred 
pH change. This shows schematically, in the centre, a molecularly dissolved 
block copolymer formed of 2-(dilsopropylamino)ethyl methacrylate (DPA) 
terminal blocks and a core MPC biodc at pH 2. at which the DPA pendant 
5 groups are protonated and thus cationic. To the right is shown ttie effect of 
increasing the pH with the polymer at a relatively high concentration. A 
network is formed of micelles of the relatively hydrophobib, deprotonated 
terminal blocks, bridged by core blocks dispersed in the aqueous mixture. 
At lower polymer concentration^, shown to the left, where the pH is raised to 
10 deprotonate the amine groups, the terminal blocks of a single molecule are 
more likely to associate with one another than with the terminal blocks of 
other molecules, thereby forming individually dispersed micelles with the 
terminal blocks in the inner portion and the hydrophilic core blocks on the 
■ e)derior surface, without substantial networtc formation, 
xs The core block may comprise additional moieties, either as pendant 

groups or in the t>ackbone; For instance poly(alkylene oxide) moieties may 
be present in vne bad^one, as a result of the use of difunciionai initiaiors. . 
Such difunctional initiators are used to form simultaneously two part core 
blocks of zwltterion-contalning ethylenic monomers. It is preferable to select 
20 Initiators, the residue of whidi will have an appropriate hydrorrfiilidty for 
forming part of the hydrophilic core. Suitable Initiators are based on 
poly(ethylene oxkle), or dihalogenated dlcarbo^^lic acid esters, such as 2,5- 
dibromoadipate diesters. 

It may be possible to synthesise the block copolymer by initial 
25 formation of a low polydispersity, low molecular weight initial block i.e. the 
core block using control of initiator and chain transfer agent (which 
permanently terminates chain formation), with the core block then being 
derivatised to act as a suitable radical initiator In a subsequent terminal 
block fomrting step. Preferably, however, tine polymerisation of eacdi of the 
3 0 blocks is by controlled radical polymerisation for instance a living radical 
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polymerisation process, with the core bloci< being fonrted in a first step and 
the terminal.blocks being formed together in a second step. 

A living radical polymerisation process may be a group transfer 
radical polymerisatfon, for instance in which an N->0, or other carbon-, 
5 sulphur-, and oxygen- centered, radical group Is transferred firom an Initiator 
compound to a monomer. The process may be a radical addition 
fragmentation transfer (RAFT) process. Preferably, ho>wever, the process is 
an atom transfer radical polymerisation process. Preferably such a process 
is used to form each blod( of the block copolymer. Preferably the terminal 

10 blocks are formed simultaneously. Thus the core block should have an 

initiator site for each terminal block. Alternatively it may be possible to form 
a first terminal block in a first step, the core blod< in a second step and the 
second terminal blod< in a third step, but this is less preferred. 

in the atom or group transfer radical polymerisation process, the 

15 initiator has a radically transferable atom or group, and the catalyst 

comprises a transition metal compound and a ligand, in which the transition 
metal compound is capable of participating in a redox c^cle with the initiator 
and dormant polymer chain, and the ligand is either any N-, 0-, P- or S- 
containing compound which can coordinate with the transition metal atom in 

20 a a-bond, or any carbon-containing compound which can coordinate with tiie 
transition metal in a n-bond, such that direct bonds between the transition 
metal and growing polymer radicals and not formed. 

Preferably the radical initiator is of the general fonnula VIII 

25 R»R3°R31C-X2 VIII 

wh^re: 

. is selected from the group consisting of CI. Br, I, OR^^ SR^, SeR^, 
OP(=0)R^, OP(=0)(OR^)2. 0-N(R*)2 and S-C(=S)N(R33)2, where R^^ is 
alkyi of from 1 to 20 carbon atoms in which each of the hydrogen atoms may 
30 be independently replaced by halide, R^ is aryl or a straight or branched Cr 




Cao alkyi group, and where an N(R^)2 group is present, the two R^^ groups 
may be joined to form a 5- or 6-membered heterocyclic ring; and . 

R^, R^.and R^^ are each independently selected from the group 
consisting of H, halogen, C1-C20 alkyI, Ca-Ca cycloalkyl. C(=0)R^, 
5 C(-0)NR^R*. COCI, OH, CN. C2-C20 alkenyl, C2-C20 alKenyl oxiraniyi, 

glycldyl, aryl, heterocyclyl. aralkyi, aralkenyl. C^.-Ce alkyI In which from 1 to 
all of the hydrogen atoms are replaced with halogen, and C^-Ce alkyI 
substituted with from 1 to 3 substituents selected from the group consisting 
of C,-C4 alkoxy. aryl, heterocyclyl. C(=0)Rn C(=0)NR3=R^. -CR«'R«^)^. 
10 X^R^^R^" C-alkoxy X^R^^R^ C-oligo(alkoxy) oxiranyl and glycldyl; 

where R^ is alkyI of from 1 to 20 carbon atoms, alkoxy of from 1 to 20 
carbon atoms, oligo(alkoxy) in which each alko)^ group has 1 to 3 carbon 
atoms, aryloxy or heterocyclyloxy any of which groups may have 
substituents selected from optionally substituted alkoxy, ollgoalkoxy, amino 
15 (including mono- and di-aikyi amino and trialkyi ammonium, which alkyI 
groups, In turn may have substituents selected from acyl, alko)^carbonyl, 
alkena)Qfcarbonyl, aryl and hydros) and hydroxyl groups; and 

R^ and R"* are Independently H or alkyI of from 1 to 20 carbon atoms 
which alkyi groups, in turn mdy have substituents selected from ac^. 
20 alkoxycarbonyl, alkenoxycarbonyl, aryl and hydroxy, or R^ and R®® may be 
joined together to form an alkanediyi group of from 2 to 5 carbon atoms, thus 
forming a 3- to 6-membered ring; 

such that not more than two of R®, R^ and are H. 
In the initiator of the general formula VII it Is preferred that no more 
25 than one of R^^ R^° and R^\ and preferably none, is hydrogen. Suitably at 
least one, and preferably both of and R^ is methyl. R®^ is suitably a 
group CO-R^ In which R'^ ls preferably alkoxy of from 1 to 20 carbon atoms, 
oligo(alkoxy) in which each alkoxy group has 1 to S carbon atoms, aryloxy or 
heterocydylo}^ any of which groups may have substituents selected from 
30 optionally substituted alkojqr, ollgoalkoxy, amino (Including mono- and di- 
(alkyl) amino and trialkyi ammonium, which alkyI groups, in turn rriay have 
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substituents selected from'acyl, alkoxycarbonyl, alkenoxycarbohyf, aryl and 
hydroxy) acyioxy, acylamino, and hydroxy! groups substituents in an alkoxy 
group or in aikyi group which is substitutejd non amine substituent may 
indude an ac^lo^ substituent which may have a 8ut>8tituent Ci^R^)^. 
5 Since any of R^, R** and R^ may comprise a substituent C^f^^X?, 

the initiator may be di-, oligb- or poly- ftinctionai. Where the terminal blocks 
are formed simultaneously by ATRP this is preferred since the use of di- or 
higher- functional initiators for the core block produces initiator moieties at 
each of the growing ends. Terminal blocks may be formed by initiation at 
10 each such moiety. The core block will contain a residue of the initiator 
compound. For instance, preferably R^® is a C^^ alkyi substituted with 

x2R3iR«>.C-Ci^ alkoxy- and X^R^^R^C- oligo (C^^ alkoxy). For 
instance the initiator may have the general formula XI 

I I 
y? — c — rso— c — IX 

I I 

wherein R^ is a C^^ alkanediyl^ preferably straight chain, or an oligo (Cz^ 
20 alko)^)- C2.3 ali^l; 

)^i8ahalide: 

eadi R^^ is selected from the groups listed for formula VIII above and 
is preferably hydrogen; and 

each R^ is selected from the groups listed for fonnula VIII above and 
25 is preferably a group COR^ in which R^ is selected from the groups listed 
for fonnula VIII above and is preferably a alkoxy group. 

. Selection of a suitable Initiator is based, on various considerations. 
Where the polymerisation is carried out in the liquid phase, In which the 
monomers are dissolved, it is preferable for the Initiator to be soluble In that 
30 liquid phase. The initiator is thus selected for its solubility characteristics 
according to the solvent system which in turn is selected according to the 





monomers being polymerised. Since the monomers from which the core 
block is formed are hydrophllic It Is convenient to polymerise them In water 
or a lower alkanol. The initiator should thus be water-soluble or alcohol- 
• soluble. Water-soluble Initlatoi-s include, for instance the reaction product of 

5 dihydraxy-capped oligb(ethylene oxide) with 2-bromoisobutyryl bromide. An 
example of an alcohol soluble initiator is diethylme8o-2,5-bromodlpate. 

The portion trf the Initiator -C-R^R^R^ becomes joined to the first 
monomer of the growing polymer chain. Where the initiator has the fbrmula 
IX above, the.molety R«'(CR*R®')2' becomes Incorporated between two sub- 

10 blocks of which the core block is comprised. 

Block copolymers having a star, type architecture may be made from, 
for instance, tri- or higher- functional Initiators, such as based on sugar 
compounds. Such Initiators may oe usea to rorm ine inraai core block as 
several l)ranches, each one of which has a terminal block polymerised 

15 thereon. By the use of star type copolymers, even more extensive networi<s 
may be formed to give improved control over the stimulus-imposed changes. 

AcomO-iype poiymei meiy uonjiiiiovi uy a |»»hjws>oo ■■ ■ wiiiwhi u>w -^^.y^ 

blodc is formed as a polymer with low polydispersity firom monomers 
Including fun<rtional pendant groups (such as amino or hydroxyl-containing 

20 groups) vwhich can be converted to Initiator sites for the step of forming 
terminal blocks using an atom or group radical transfer polymerisation 
technique. Altematively macro initiator for atom or group transfer 
polymerisation, which is a polymer with multiple pendant Initiator sites, may 
be used in a first core block forming step, in which brandies of core block 

. 25 are fonned at eadi site, with tenminal blocks being formed on ea<*i branch In 
a second step, whereby a graft-type polymer Is formed. The group 
becomes joined to the end units of the polymer chain in the core block 
forming step and then In ttie termirial block forming step. 

In an atom or group radical transfer polymerisation process the 
30 transition metal compound which comprises a component of the catalyst is 
Mt'i^X^, v»here: 



m • 



may be selected from the group consisting of Cu^*, Cu*^, Fe*^, 
fe^, Ru^, Ru^.Cr^*, Cr^, Mo^*, Mo^, W^, W»^, Mn^*, IVIn^. Mn'^, Rh^, ■ 
Rh"*, Re^, Re^, Co*. Co^*, Co^. V^*. V^. Zn*. Zn^, Ni^. Ni^*, Au*. Au^*, Ag* 
andAg^*; 

5 )^ Is selected from the group consisting of halogen, C^-C^lltoxy. 

(864)54. (P04),a, (R''P04)x.(R^\P04), triflate, hexafluorophosphate. 
methanesulphonate, aiyisulphonate, CN and R^02. where R^ is aiyl or a 
straight or branched ali^i and is H or a straight or branched Ci-Ce 
alkyi group which may be substituted from.1 to 5 times with a halogen; and 
10 q is the formal charge on the metal {0 

Preferably is halide, most preferably chloride or bromide. 
Particularly suitable transition metal compounds are based on icopper or 
ruthenium, for instance CuBr, CuCI or RuCI^. 

In. the catalyst, the ligand is preferably selected from the group 
15 consisting of: 

a) . compounds of the fonnuias: 

r39.2:.r4o and 
F^»-Z-(R*V2)nrR^ 

20 

vtAiere: 

R^ and R"" are independently selected from the group consisting of 
H, Ci-Cao alkyI, aryl, heterocyclyl and C<-Ce alkoxy, C^-C4 dialkylamino, 
C(s=0)R'•^ C(«0)NR^2 and A7C(=0)R'^. where A* may be NR-^ or O; R** is 

25; alkyI of fix3m 1 to 20 carbon atoms, aryloxy or heterocyclyloxy; R''^ is 

independently H or alkyI of from 1 to 20 carbon atoms or the two groups R'^ 
may be joined together to form an alkanediyi group of from 2 to 5 carbon 
atoms, thus forming a 3- to S-membered ring; R** is H, straight or branched 
C1-C20 alkyI or aryl and R'® is hydrogen, straight or branched Ci.2o-alkyl or 

3 0 aryl; or and R""* may be joined to fomn, together with Z, a saturated or 
unsaturated ring; 



• 
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2 is O, S, NR"* or PR''^ where R"® is selected from ttie same grdup as 
R^ and R'". and where Z is PR''^ R"^ can also C1-C20 alkoxy or Z may be a 
bond, CH2 or a fused ring, where one or both of R^ and R'" Is heterocydyl, 
each R^ is independently a divalent group selected from the group 
consisting of Ci-Ca cycloalkanediyi, C-Cs (ycloalkenedlyl, arenediyi and 
heterocyclylene where the oovalenl bonds to each Z are at vicinal positions 
or R*^ may be joined to one or both of R* and R"" to formulate a heterocyclic 
ring system; and 

m is from 1 to 6; 

b) CO; 

c) porphyrins and porphycehes, which mgy be substituted with 
from 1 to 6 halogen atoms, 0,-6 a'kyi groups, Ci^-alkoxy groups, C,^ 
alkoxycarbohyl, aryl groups, heterocydyl groups, and C^^ alkyl groups 
further substituted w\Hh from 1 to 3 halogens; 

d) compounds of the formula R'^R^C(C(=0)R^\. where R^ is C,. 
aoalkyi, C,^ alkoxy, aryioxy or heterocyclyloxy; and each of R*^ and R'^ is 
Independently selected from the group correisting of H, halogen. C1.20 alkyl, 
aryl and heterocydyl. or R*^ and R^ may be joined to fomi a C^^, cycloalkyi 
ring or a hydrogenated aromdtte or heterocyclic ring, of which the ring atoms 

2 0 may be further substituted with 1 to 6 C« alkyl groups. alkoxy groups, 
halogen atoms, aryl groups, or combinations tiiereof; and 

e) arenes and cyclopentadienyl ligands, where said 
cyclopentadlenyl ligand may be substituted with from one to five methyl 
groups, or may be linked through an ethylene or propylene chain to a 

25 second cyclopentadienyl ligand. 

Selection of a suitable ligand is, for instance, based upon the 
solubility charaderistics and/or the separability of the catalyst from the 
product polymer mixture. Generally it is preferred for catalyst to be soluble 
in a liquid reaction mbdure, although under some circumstances it may be 

30 possible to immobilise the catalyst, for instance on a porous substrate. For 
the preferred process, wttidi is carried out in the liquid phase, the ligand is 
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soluble in a liquid phase. The ligand is generally a nitrogen containing 
ligand. The preferred ligand may be a compound including a pyridyl group 
such as bipyridine, or a pyridyl group and an imino moiefy, such as 



5 




where is a suitable alkyi group, the substituent being variable and 
adaptable to confer desired solubility characteristics or may be 
10 triphenylphosphlne or 1 , 1 ,4,7, 1 0, 1 0-hexamethyI-trlethylene tetramine. 

Such iigands are usefully used in combination with copper bromide, 
copper chloride and ruthenium chloride transition metal compounds as part 
of the catalyst 

The ratio of metal compound and ligand in the catalyst should be 
15 approximately stoichiometric, based on the ratios of the components when 
the metal ion is fully completed. The ratio should preferably be in the range 
1 :(0.5 to 2) more preferably in the range 1 :(0.8:1 .25). Preferably the range 
is about 1:1. 

In the living radical polymerisation process, the catatysft may be used 
20 in amounts such that a molar equivalent quarttity as compared to. the level of 
initiator or less is present The ratio of catalyst (based on transition metal 
compound) to initiator is preferably in the range 1:(1 to 50), more preferably 
In the range 1:(1 to 10). 

The reaction may be heterogeneous, that is comprising a solid and a 
25 liquid phase, but is more preferably homogeneous. Preferably the 

polymerisation is carried out in a single liquid phase. Where the monomer is 
liquid, it is sometimes unnecessary to include a non-polymerisable solvent 
More often, however, tiie polymerisation takes place in the presence of a 
non-polymerisable solvent. The solvent should be selected having regard to 
3 0 the nature of the zwitterionic monomer and any comonomer, for instance for 
. its suitability for providing a common solution containing both monomers. 



The solvent may compriee a single compound or a mbcture of compounds; 
Generally it comprises a protic solvent. 

It has been found that, especially where the zwitterionic monomer, is 
MPC, that it may be desirable fo include water in the polymerisation mixture. 
Water may be present in an amount in the range 1 to 1Q0% by weight based 
on the weight of ethylenically unsaturated monomer. Preferably the total 
nbn-polymerisable solvent comprises 1 to 500% by weight based on the 
weight of ethylenically unsaturated monomer. It has been found that the 
zwitterionic monomer and water should be in contact with each other for as 
short a period as possible prior to contact with the initiator and catalyst It 
may be desirable therefore for all the components of the polymerisation 
other than the zvwtterionic monomer to be premixed and for the zwitterionic 
monomer to be added to the premix as the last additive. 

The process may be carried out at raised temperature, for instance up 
15 to 60 to 100 However it has been found that the process proceeds 
sufficiently fast at ambient temperature. 

The invention further provides polymerisation processes for forming 
the novel block copolymers. 

The block copolymers of the present invention are suitable for a range 
20 of uses. They are of most value when dispersed in a liquid. The present 
invention further provides compositions comprising the novel block 
copolymers and a solvent. Preferably the solvent is aqueous, but may 
aitematively or additionally comprise an organic solvent as described above. 
The claims herein are directed to the composition prior to Imposition of the 
25 stimulus and after Imposition of the stimulus, that is in each of the physical 
forms. The composition may thus be a pourable liquid, or may be a gel i.e. 
having a viscoelastic properties. Gels may be pumpable, for instance upon 
imposition of suitable shear. Under some conditions, however, the gel 
should be free standing, that is it should not substantially flow in bulk form. 
3 0 The zwitterionic groups, especially where these are 

phosphpiylcholine type groups; confer useful biocompatlbility on the 
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polymer. The compositions of the invention may be useful where they are to 
be brought into contact with a human or animal, especially where they are to 
be delivered to the human or animal. The compositions are of particular 
utility where they are delivered In one form, for instance as a fiowable liquid, 
5 and are subsequently changed by imposition of a stimulus after delivery, for 
instance to form a gel in situ, at a desired location within the body of a 
human or animal. The compositions may be of use, for instance, to deliver 
therapeutically or diagnostically useful agents, for instance pharmaceutlcaiiy 
active agents, or imaging agents, for Instance for diagnostic or therapeutic 
10 treatment purposes. Suitable imaging agents are for instance visible light 
dyes, UV dyes, radiopaque agents, nmr imaging agents and radioactive 
agents. The active agents may be retained in the gel, or be delivered in a 
controlled manner, dependent to an extent on the rheology of the 
composition, to adjacent tissues or the circulation. 
15 The present invention provides block copolymers which respond and 

change in form upon changes in pH within a physiologically useful range. 

The compositions may be subjected to the stimulus which causes the 
change in property whilst in contact with, for instance after delivery into, the 
body of a human or animal patient. The change may be a change in pH, a 
20 change in temperature, to body temperature or higher, or a change in salt 
concentration, for instance by contact with blood. 

The invention is illustrated further in the following examples and 
figures, in which: 

Figure 1 is a schematic illustration of tiie gelation properties of the 
25 block copolymer product of example 1 . 

Figure 2 shows the proton nmr spectra of one of the block copolymers 
formed in example 1. . 

Figure 3 shows the GPC trace of the polymer of example 1 . 
Figure 4 shows the proton nmr spectrum for another, of the block 
3 0 copolymers formed in example 1 . 
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Figure 5 shows the proton nmr spectrum of the block copolymer of 
efxample2. 

Figure 6 shows the proton nmr spectrum of the block copolymer of 
examples, and 

5 Figure 7 shows tiie GPC trace of the block copolymer of example 3. 

Figure 8 shows the apparatus used in example 5. 
Figure 9'shows flie results of example 5. 
Example 1 - PPA-MPC-DPA triblock copolymer example. 
A typical synthesis, as used for the DPA50-MPC250-DPA50 triblock 
10 copolymer shown schematically below, was canrfed out as follows. The MPC 
(10.02 grams; 33.7 mmol) was polymerized in methanol at 20 X using 
standard schlenk techniques with a commercially available bifunctional 
ATRP initiator (diethyl meso-2, 5-dibromoadipate. DEDBA, obtained from 
Aldrich; 0.049 grams; 0.1 35 mmol) and a Cu(l)Br/2bpy catalyst (0.01 9 g, 
15 0.135 mmol Cu(l)Bn 0.042 g, 0.270 mmol bpy). After 4 h, the MPC 

conversion was typically more than 99 % as judged by ""H NMR, and the 
MPC homopolymer obtained had a relatively low polydlsperslty (Mw/Mn = 
t.16 vs. poly(ethylene oxide) standards, see Table 1). Then the 
2-diisoprppyl-amino)ethyl meithacrylate (DPA) monomer (2.89 grams; 13.5 
20 mmol) was added to this dark.brown reaction solution. After 48 h. the 
reaction solution was passed through a silica gel column [silica gei ep 
(0.063-0.200 mm) purchased fi^om E. Merck (Darmstadt, Germany)] to 
remove the spent ATRP catalyst, which resulted in the loss of around 10 % 
copolymer due to adsorption onto the silica. After solvent evaporation, the 
25' solid copolymer was washed with excess n-hexane to remove any traces of 
residual DPA monomer, then freeze-dried overnight to obtain a white solid 
(11.6 grams). 




mMPC 



Br-MPC^-Br 



methanol 20 '^C 



o 



211DPA 



ii«2D-100 ; m= 100-300 




The polymer, when dissolved to form an aqueous solution at pH2 and 
20%, formed a free-flowing solution. When the pH was changed to 9 the 
solution gelled so that, upon inversion of a sample bottle of volume 
approximately 20 ml, the gel did not flow. 

Figure 2 shows the ^HNMR spectra (d4-methanol) of the DPA50- 
MPCaso-DPAso triblock copolymer. Note the absence of vinyl monomer 
signals at 5 5.5 - 6.5 and also the peak due to the DPA residues.at 5 1;1 at 
PH9. 

Figure 3 shows the GPC trace of the DPA50 - MPC200- DPA50 triblock 
copolymer. Using the same technique block copolymers with other values of 
m and n in the reaction scheme are synthesised. Table 1 gives the 
formulation details and Table 2 gives molecular weight data of polymers, 

Tal?le 3 indicates the characteristics when aqueous solutions of 
polymer at pH2 are gelled by adjustment of pH to 9 at various 
concentrations. 

Table 4 indicates dynamic light scattering results for aqueous 
solutions at 0.10% w/v at the pH's Indicated. Figure 4 shows ^HNMR 
spectra obtained for the DPAao-MPCzoo-DPAeo triblock copolymer: (a) as a 
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free-flowing aqueous solution at pH 2 in DCI/DaO and (b) as a macroscopic 
physical gel at pH 9 atter addition of NaOD. Note that the signals assigned 
to the protonated DPA residues in spectrum (a) disappear completely from 
spectrum (b) since the deprotohated.DPA blocks become hydrophobic and 
5 hence much less solvated in the gel state. 

The degree of polymerization, Dp, of each block was controlled by the 
initial monomer/initiator molar ratio. A sumrnary of the various triblock 
compositions and molecular welglit data are given In Table 1 . 
Polydispersities of the Initial MFC homopolymers prior to the addition of the 

10 DPA comonomer were typically less than 1 ,20, which confirms the excellent 
living character of this first-stage polymerization. Final triblock copolymer 
polydispersities range d from 1.5 to 1.8 as judged by aqueous gel permeation 
chromatography (GPC), which is somewhat broader than that normally 
expected for ATRP syntheses (see Table 1). However, the central MPC 

15 block always had a low polydispersity, which suggests that the outer DPA 
bibcks are quite polydisperse. Altennatively, it is possible that our aqueous 
GPC protocol, which involves using an acidic eluent to render the outer DPA 
blocks cationic, may overestimate the actual polydispersities of the triblock 
copolymers. 

20 These triblod< copolymers can be molecularly dissolved in acidic 

solution (pH < 4) but on adjusting to pH 7r8 with NaOH the DPA blocks 
become deprotonated (the pKa of protonated DPA homopolymer is around 
pH 6) and hence hydrophobic, leading to attractive inter-chain interactions. 
So-called 'flower' micelles comprising MPC-based 'petals' and DPA cores 

25 are formed in dilute aqueous solution, see Figure 1 . For example, dynamic 
light scattering studies indicate an intensity-average diameter of around 68 
nm for 'flower* micelles produced from a 0. 1 0 w/v % aqueous solution of the 
DPAgq-MPCaso-DPAso triblock copolymer at pH 8. However, at higher 
copolymer concentrations (above 5-10 w/v %, depending on the triblock 

3 0 copolymer composition), macroscopic physical gels can be produced. 

Gelation was confirmed by simple tube inversion experiments an^l the resulte 



27 

are summarized In Table 1. The phrase tree-standing gel' is used here to 
describe gels that remained in position after tube inversion. The acidic 
solution remains fluid, whereas the neutralized solution forms a free- 
standing gel. Our control experiments confirmed that no such gelation 
5 occurred with the analogous MPC-DPA dibiock (A-B) copolymers. 
In principle, gelation will only occur at a given copolymer 
concentration if the central MPC-based block is suffia'erttiy long to bridge 
. between adjacent micelles In the aqueous milieu. Thus no gelation was 
observed for a 1 0 w/v % solution of a DPAso-MPCtoo-DPAgo triblod<, whereas 

10 only rather soft gels were formed by a DPAgo-MPCaoo-DPAao triblock at the 
same concentration (see Table 1). More robust, firee-standing gels were 
obtained from a 10 w#v % solution of a DPAgo-MPCaoo-DPAgo triblock due to 
the increased hydrophobic Interactions between the longer DPA chains. This 
gel could be dissolved molecularly on re-adjusting the. solution pH to below 

15 pHSwithHCI. 

Selected DPA-MPC-DPA triblock copolymers were examined as both 
free-fiowIng solutions at low p'H and as free-standing gels above pH 7 using 
NMR spectroscopy. Typical spectra are depicted in Figure 4 for a 10 w/v 
% aqueous solution of a DPAot-MPCjoo-DPAbo triblock copolymer. At pH 2 all 

20 the expected NMR signals due to the central MPC block and the protonated 
outer DPA blocks are visible, indicating a high degree of solvation and 
mobility for both types of blocks under these conditions. In contrast, at pH 9 
the signals due to the DPA residues are both broadened and attenuated 
relative to the signals for the MPC residues, indicating a significant reduction 

25 in solvation and mobility for the foniier blocks, which are deprotonated and 
hence hydrophobic at this solution pH. 
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Table 3 



Summary off the gelation behavior of the various DPA-MPC-DPA triblock 
copolymers Investigated In this study 



5 



10 



15. 



Target ABA thblock 
copolymer composition 


gel 

5% 


ation behaviour at a 
10 % 


given copolymer c< 
16% 


)ncentration .* 

55% 


DPA^ - MPC^r^ - PPAao 
DPAsft - MPCion - DPAbo 
DPA«n~MPC^-DPA.(. 

DPAsn - MPCym^ - DPAao 
DPAflo - MPConn-DPA«0 


No 

No 
weak gel 
weak gel 
softgel . 


No 

No 
soft gel 
soft pel 

gel 

free-standing gel 


No 

No 

free-standing gel 
free-standing gel 
free-standing gel. 
free-standing gel 


No 

No 

free-standing gel 
free-standfng gel 
free-standing gel 


DPAfip - MPCKft - DPAsQ 
DPA^ - MPC^y^ - DPAao 
DPA«»-MPC,n«-DPAM 

DPA^nn MPCaim -PPAioo 


gel 
weak gel 
soft gel 

gel 


soft ael 
gel 

free-standing gel 


gel 

free-standing gel 
free-standing gel 


free-standing gel 
free-standing gel 
free-standing gel 



^ : Table-4 - 

Summary of the DLS data for DPA-I«PC-DPA triblock copolymers 
investigated in this study. The triblock copolymer concentration was 

0.10 wAv % In all cases 

. 25 . 



30 



35 



40 



polymer 


PH 


D (nm) 


Polydispersity 


Intensity 
(kcps) 


DPAan-MPC^-DPAao 


1.90 . 


17,8 


0.33 


5.0 




9.56 


37.2 


0.06 


40.1 


DPA«ft - WIPC«« - DPAfio 


1.92 


15.7 


0.37 


5.2 




9.38 


48.6 


0.05 


40.8 


DPAaa - MPC^nn - OPAqo 


1.98 


20.4 


0,35 


6.0 




8.76 


60.8 


0.10 


40.5 


DPAfin - MPCfin - DPAgQ 


3.39 


7.6 


0.36 


8.2 




6.06 


26.0 


0.28 


23.8 




7.41 


47.6 


0.25 


48.6 




8.57 


48.6 


0.12 


53.7 




9.04 


49.6 


0.09 . 


54.8 




10.12 


57.7 


0.003 


55.5 




1.88 


14.6 


0.35 


7.4 




9.62 


43.4 


0.11 


42.5 


DPAm-MPCaM-DPAso 


1.62 


17.0 


0.57 


5.8 




8.68 


46.1 


0.08 


48.0 


DPAion - MPCann - DPAiqq 


2.88 


26.2 


0.43 


9.8 




8.96 


60.1 


0.12 


47,1 
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Example 2: HEMA-MPC-HEMA triblock copolymer synthesis v/a 

ATRP. 

HEMAso-MPCjoo-HEMAso triblock copolymer. 
. MPC was polymerized first (8.02 g, 27.0 mmol) in 10 ml mettianol, 
5 using [MPC]:[DEDBA]:[CuBr]:(bpy] - 200:1 :1 :2. After 4 h. the monomer 

conversion was greater than 99 %, and tha MPC homopolymer obtained had 
a low polydispersity {MwMn - 1 .16) with Mn = 56,000 (vs. poly(ethylene 
oxide) standards). 2>Hydroxyethyimethacrylate (HEIVAA) monomer (1 .76 g, 
13.5 mmol, target Dp = 50), was then added to this reaction solution. The ' 

10 reaction mixture was maintained under a dry nitrogen purge for the duration 
of the polymerization. On exposure to air after 24 h, the reaction solution 
turned, blue, indicating aerial oxidation of the ATRP catalyst. NMR studies 
indicated a HEMA monomer conversion of 96 %. The reaction solution was 
passed through a silica gel column to remove the spent catalyst. After 

15 solvent evaporation, the copolymer was washed with excess THF to remove 
residual HEMA monomer and dried in a vacuum oven at room temperature 
to yield a colorless solid (8.86 grams). Table § summarises the 
polymerisation conditions. 

These block copolymers were predicted to show temperature - 

20 responsive gelation characteristics. HEMAbq-^PCzoo-HEMAso dissolves 
moieculariy in water at room temperature as expected, and at higher 
temperatures especially at concentrations as high as .20% w/v. the viscosity 
increased. 
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Example 3 - DMAso-MPCsoo-DMAeo triblock copolymer 
MPC was polymerized first (8.02 g, 2.7 xiO"^ rnol) In 1 0 ml rnethanol, 
using [MPC]:[DEDBAl:[CuBrl:Ibpyl = 200:1 :1 :2 under a nitrogen atmosphere 
at 20 "C. After 4.0 h. the MPC conversion was greater than 98 %, and the 
5 MPC homopolymer obtained had a low poiydlspersify (Mw/Mn ^ i .1 5 with 
Mn = 56,000 vs. poly(ethylene oxide) standards. Then 2-dlmethylaminoeihyl 
methacrylate DMA monom^ (2.12 g, 1.35 xio^mol, target Dp - 50) was 
added to this reaction solution. After 24 h, NMR studies indicated that 
both monomers had been consumed. The reaction solution ^s passed 
10 through a.silica gel column to remove the spent ATRP. catalyst, which 

resulted in the loss of around 10 % copolymer due to adsorption onto the 
silica. After solvent evaporation, the solid copolymer was washed with 
excess n-hexane to remove any traces of residual DMA monomer, then 
fireeze-dried overnight The resulting colorless DMA50-MPC200-DMA50 diblock 
15 copolymer (9.06 grams) had an Mn of 1 01 ,000 and an Mw/Mn of 1 .53, as 
determined by aqueous GPC using poly(2-vlnylpyridine) standards. . 

The block copolymer dissolves moiecuiariy at room temperature, as 
expected, but the viscosity increased at higher temperatures even at 
concentrations as high as 20% w/v. 
20 Example 4 - Three anm star block copolymer 

Using the same gen^l method as in Example 1 a three arm star 
block copolymer was formed. The initiator was tris-(2-aminoethyl)amin6 
reacted with 3 equivalents of 3-bromo-lsobLityric bromide shown below. 
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MPC was homopolymerised using Cu(1 )Br/2Bpy to give a three arm 
star each.arm having a theoretical degree of polymerisation of 125. 
Subsequently DPA was polymerised to add terminal blocks to each of the 
three anns at a theoretical degree of polymerisation of 50. 
5 The block copolymer forms mobile solutions In water at a 

concentration of 5% and pH4. When the pH is Increased to 7 to 8, a free- 
standing gel is formed. 

Example 5 - Drug release from aqueous block copolymer 
10 compositions 

The polymers of Example 1 with the theoretical composition DPA50 
MPC250DPA50 were dissolved separately in aqueous solvent at pH 2-3 and a 
concentration of 15% w/v. To the solutions was added dipyridamole at a 
concentration of 5% by weight based on the weight of polymer. Release of 

15 dipyridamole from the add solutions through a dialysis membrane (which is 
pemr)eat>le to drug but not to polymer) was compared to release of 
dipyridamole from the gels formed by adjusting the pH. to 7.4. Tne set up of 
the release experiment is shown in Figure 8. Release of drug is determined 
by fluorescence determination of the solutfon of tiie opposite side of the 

20 membrane from polymer composition. The results are shown in Figure 9. 

The results show that dipyridamole is released through the membrane 
from the pH3 solution at a rate such that about 60% is release over 1 50 min. 
At pH 7.4 both polymers, which are gelled under these conditions, as shown 
in Example 1 above, significantly slow down the release of drug. 
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CLAIMS 

1 . A block copolymer comprising a hydrophilic core block and at 
least two terminal blocks, each terminal block being stimulus-responsive in 
which the blocks are each fbrnied at least in part by the polymerisation of 
5 ethylenically unsaturated monomers, wherein the average degree of each 
tenninal block is at least 20 characterised in that the core blodc comprises 
zwitterionic pendant groups, and has a degree of polymerisation of at least 



10 structure, the B block being the core block and the A blodcs being the 
terminal blocks. 

3. A block copolymer according to claim 1 or claim 2 in which the 
monomers from which the core block is formed comprise compounds of the 
general formula I 

15 YBX I 

in which Y is an ethylenically unsaturated group selected from H2C=CR-CO- 
A-, H2C=CR-C6H4-A^-. HzC^CR-ehaA^, R=0-CO-CR=CR-CO-0. KCii=CH- 
C0-0-. RCH*C(C0OR2)CH2-CO-O, 



100. 



2. 



A block copolymer according to claim 1 which has an A-B-A 



20 




25; 



Ais-O-orNR^ 

A^ is selected from a bond, (CHz)^^ and (CHg), SO3- in which I is 1 to 



12; 

A^ Is selected from a bond, -0-, 0-C0-, CO-0, CO-NR^-, -NR^-CO, O- 
CO-NR<-. NR^-CO-0-; 
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R is hydrogen or C^^ alkyi; 

R^ is hydrogen, Ci.4.alkyl or BX; 

R^ ls hydrogen or 0^.4 a\ky\; 
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B is a bond, or a straight branched allcanediyi, alkylene oxaalkylene, . 
or alkylene (oligboxalkylene) group, optionally containing one or more 
fluorine substituente; 

X is a zwitterionic group. 

4. A blodc copolymo" according to claim 3 in which X Is a group of 
the general tbnnula II 



10 



r 

o® 



n 



in which the moieties and A\ which are the same or different, are - 
0-, -S-, -NH- or a valence bond, preferably -0-, and Vyris a group 
comt>Hslng gh " i amwonlum. phoBphonium ui bulp h onium ca tiorric^r oiap and a 

15 group linking the anionic and catlonic moieties which Is preferably a Ci.,2- 
alkanediyl group, 

preferably in which is a group of fomnula 
-v\r-N*R-3, -vV^-P*R'*3, -VV^-S*R*2 cr-W^-Het* in whioh: 

is alkanediyl of 1 or more, preferably 2-6 carbon atoms optionally 

20 containing one or more ethylenically unsaturated double or triple bonds, 
disubstituted-aryl (arylene), alkylene arylene, arylene alkylene, or alkylene 
aryl alkylene, cycloalkanediyl. alkylene cycloalkyi, cycloalkyi alkylene or 
alkylene cycloalkyi ali^lene, which group W optionally contains one or more 
fluorine substituenls and/or one or more njnctional groups; and 

25 either the groups 1^ are the same or different and each is hydrogen 

or alkyi of 1 to 4 carbori.atoms. preferably .methy!, or aryl, such as phenyl, or 
two of the groups together with the nitrogen atom to which they are 
attached form an aliphatic heterocyclic ring containing from 6 to 7 atoms, or 
the three groups together with the nitrogen atorn to v^ich they are 

3 0 attached as heteroaromatic ring having 5 to 7 atoms, either of which rings 
may be fused with another saturated or unsaturated ring to form a fused ring 
structure, containing from 5 to 7 atoms in each ring, and optionally one or 
more of the groups R^ is substituted by a hydrophilic functional group, and 
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the groups R" are the same or different and each is or a group 
OR^, where R^ is as defined above; or 

Het is an aromatic nitrogen-, phosphorus- or sulphur-, preferably 
nitrogen-, containing ring, for example pyridine. 

5. A block copolymeraccording to any preceding claim In which 
the monomers from which the terminal blocks are formed comprise 
compounds of the Ibnmula VI 




VI 



Where R« is selected from the group consisting of hydrogen, halogen, 
C,^ alkyi and groups CO0R« in which R" is selected from the group 
consisting of hydrogen and C,^ alkyI; 

R^« Is selected from the group consisting of hydrogen, halogen and 

R'^ is selected from the group consisting of hydrogen, halogen, ,C,^ 
alkyI and groups COOR" provided that R^^ and R^® are not both COOR<« 

or R^^ and R^« may together form CONR^^CO in which R^» is a C,^ 
alkyI group; and 

R^^ is selected from the group consisUng of C^.^o alkyI, C,^ 
alkoxycarbonyl, mono- and dl- (C,^ alkyI) amino carbonyl, Ce.ao aryl, Cj^ 
aralkyl. Ce.20 aiyloxy carbonyl, C7.2o.aralkoxyl carbonyl, C^^ arylamino 
carbonyl, Gy^ aralM amino carbonyl, C^^ aralkylamino and C2.10 acyloxy 
groups, In.which an alkyI or aryl group has a substltuent which is responsive 
to a stimulus and in which any of the alkyI or aryl groups may additionally be 
substituted by one or more substltuents selected from halogen atoms, 
alkoxy. ollgo-alkoxy, aryloxy, acyloxy. acylamino. amine (including mono and 
dl-alkyi amino and trialkylammonlum in which the alkyI groups may be 
substituted), carboxyl, sulphonyl, phosphoryl, phosphino, (including ipono- 
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and di- alkyi phosphine and tri-alkylphosphonium). zwitterionic, hydroxy! 
groups, vinyloxycarbonyl and other vinylic or allylic substltuents. and 
roactive sllyl or.silyloxy groups, such as trialkoxysilyl groups. 

6. A block copolymer according to daim 5 in which the.stimulus 
5 responsive substituent is a proton donor or proton acceptor. 

7. A block copolymer according to claim 6 in which the sUmulus 
responsive substituent comprises a group selected from carboxylic. 
carboxylke. SO,H. SO3 . P03HR«' and PO,-R«> and PO^. in which R^- 

. selected ftxrni the group consisting of hydroxyl, Ci.« alkyI CU2 alkoxy, C„8 
10 aryl. Ce-is aryloxy. Cr.,8 aralVorl and C7.18 aralkoxy. 

8. A block copolymer according to daim 6 in which the stimulus 
responsive substituent is selected from the group consisting of NR**2. 

N*R&i^H. PR'^z. P'R^aH, S*R-"H. wherein the of aaeh y i oup R"" la 

seleded from the group consisting of hydrogen, optionally substituted Ci^» 
15 alkyI and aryl, or thG two groups R^^ are joined to form, together with the 
heteroatom to which they are each attadned, a 5-7 membered heterocycle. 
and each R'^ is R^^ or OR'-. 

9. A block copolymer according to daim 8 in which the compound 
of the formula VII is u).(N,N-dialkylamino)alkyl-(alk)acrylate or 

" 20 -(alk)acrylamlde, preferably 2-(dii8opropyl amino) ethyl methacrylate. 

10. A block copolymer according^ to any preceding daim in which 
the monomers from whidi each temiinal blodc and/or the core blodc is 
formed comprise oomonomers, seleded from compounds of tiie general 
formula VII 
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vn 

30 in which R^ is selected from the group consisting of hydrogen, halogen. C^^ 
alkyI and groups COOR^^ in which R" is hydrogen and C,^ alkyl; 
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is selected from the group consisting of hydrogen, halogen and 

C^^all^yl; 

is selected from the group consisting of hydrogen, halogen, C^^ 
alky! and groups COOR^^ provided that R^ and R^* are not both COOR^^; 
and 

R» is selected from the group consisting of C|.io alkyi, 
alkoxycarbonyl, mono- and di-(C,^ alkyI) amino carbonyl, Ce^a, afyl 
(including alkaryl), C7.20 aralkyl, aryloxycarbonyl, C,^ - 
aralkylo)q<carbonyl. Ce.20 arylamino carbonyl, C,^ aralkyl-amino carbonyl, 
hydroxyl and carboxylio Ca-iQ acyloxy groups, any of which may have one or 
more substituents selected from the group consisting of halogen atoms, 
alkoxy, oligo-alkoxy, aryloxy, acyloxy, acylamino. amine (Including mono and 
di-alkyl amino and trialkylammonium in >which the alkyI groups may be 
substituted), carboxyl, sulphonyl, phosphoryl, phosphino, (including mono- 
and di- alkyl phosphine and tri-alkylphosphonium), 2M«tterionic, hydroxyl, 
vinyloxycarbonyl and other vinylic and allylic groups, and reactive silyi and 
siiyioxy groups, such as trialkoxysily! groups; 

or R2« and R^^ or and R^' may together fonn -CONR^CO in which 
R^ is a C,.ao a'kyi group. 

11. A block copolymer according to any preceding claim In which 
the mean degree of polymerisation of the core block is In the range 100 to 
10,000. 

12. A block copolymer according to any preceding daim in whidi 
the potydl^ersity of block weight of the core blod< is In the range 1 .1 to 2.0. 

13. A blod< copolymer according to any preceding claim in which 
the mean degree of polymerisation of the terminal blocks is in the range 30 
to 100, preferably 50 to 80. 

14. A block copolymer according to any preceding claim in which 
the polydispersity of block weight of the terminal blocks is in the range 1 .1 to 
3.0. 

15. A block copolymer according to any preceding claim In which 
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the ratio of the mean degree of polymerisation of the core blod^ to the mean 
degree of polymerisation of each of the terminal blocks is In the range 20:1 
to 1 :1 , preferably In the range 10:1 to 2:1 . 

16. A polymerisation process in >which core block ethylenically 
5 unsaturated monomers comprising a zwitterionic monomer are polymerised 
to form a core block having average degree of polymerisation of at least 100 
initiation sites are formed at at least tno locations on the core block and 
terminal block ethylenically unsaturated monomers are polymerised from the 
initiation sites on the core block to form at least two tenminal blocks liaving 
10 an average degree of polymerisation of at least 20, wherein the temninal 
block ethylenically unsaturated monomers comprise monomers havir^ 
stimulus responsive pendant groups. 

ItT" a polymerisation process according to claim 16 in which 
initiation sites are formed at each end of the block and not elsewhere on the 
15 core block whereby an A-B-A block copolymer is formed, 

18. A polymerisation process according to claim 1 6 or 1 7 in which 
the core block ethylenically unsaturated monomers cornpriss compounds of 
the general formula I 

YBX I 
20 in which Y is an ethylenically unsaturated group selected from H2C=CR-CO- 



A-. H2C«CR-C6H4-A^- HzC^CR-CHaA^, R^O-CO-CR^CR-CO-O. RCH^CH- 
C0-0-, RCH=C(COOR*)CH2-CO-0, 



Als-O-orNR^; 

A^ is selected from a bond, (CHz)^^ and (CHg), SO3- in which I Is 1. to 
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30 



12; 



A^.is selected from a bond, -0-. 0-C0-, CO-0, CO-NR^-, -NR^-CO, O- 
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CO-NR\ NR^-CO-0-; 

R Is hydrogen or C,^ alkyi; 

R^ is hydrogen, d^alkyl or BX; 

R* is hydrogen or alkyi; 
5 B is a bond, or a straight branched all<anediyl, aiKylene oxaalkylene, 

or alkylene (ollgooxalkylene) group, optionally containing one or more 
fluorine substituents; and 

X is a zvvitterionlc groUp. 

1 9. A polymerisation process according to daim 1 8 in which X is a 
10 groupofthegeneralformgla II 
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In which the moieties A' and A*, which are the same or different, are - 
0-, -S-, -NH- or a valence bond, preferably -0-, and VNT Is a group 
comprising an ammonium, phosphonium or sulphonium catlonic group and a 
group linking the anionic and catlonic moieties whfch Is preferably a C,.«- 
20 alkanediyi group. . 

preferably in which W* is a group of formula 
-W^-NtR\ .W^-P*R^9. -W'-s^R^j or -W^-Het* in which: 

is alkanediyi of 1 or more, preferably 2-6 carbon atoms optionally 
containing one or more ethylenically unsaturated double or triple bonds, 
25 disubstituted-aryl (arylene), alkylene arylene, arylene alkylene, or alkylene 
aryl alkylene, cycloalkanedlyl, alkylene cycloalkyl. cycloalkyi alkylene or 
alkylene cycloalkyl alkylene, which group optionally contains one or more 
fluorine substituents and/or one or more ftinctional groups; and 

either the groups R^ are the same or different and each is hydrogen 
30 or alkyl of 1 to 4 carbon atoms, preferably methyl, or aryl, such as phenyl, or 
two of the. groups R^ together with the nitrogen atom to which they are 
attached form an aliphatic heterocyclic ring containing from 5 to 7 atoms, or 
the three groups R" together with the nitrogen atom to which they are 
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attached as heteroaromatic ring having 5 to 7 atoms, either of which rings 
may be fused with another saturated or unsaturated ring to form a fUsed ring 
structure containing from 5 to 7 atoms in each ring, and optionally one or 
more of the groups is substituted by a hydrophilic functional group, and 
5 the groups are the same or different and each is or a group 

OR^, where is as defined above; or 

Het is an aromatic nitrogen-, phosphorus- or sulph\jr-. preferably 
nitrogen-, containing ring, for example pyridine. 

20. A polymerisation process according to any of claims 16 to 19 in 
10 which the tenninal block ethylenically unsaturated monomers comprise 
compounds of the formula VI 
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VI 



where R" is selected from the group consisting of hydrogen, halogen, 
Ciw, alkyi and groups COOR^'* in which R^* is selected from the group 
consisting of hydrogen and C,^ alM; 
20 is selected from the group consisting of hydrogen, halogen and 

C4i.alkyl; 

Ri« is selected fix)m the group consisting of hydrogen, halogen, C,^ 
alkyI and groups COOR'* provided that R^^* and R^^ are not both COOR^« 
or R^^ and R^* may together form CONR^®CO in which R^^ is a Cij» 

25 alkyI group; and . - • 

R^^ Is selerted from the group consisting of Ci.ioalkyl. ^i-so 
alkoxycarbonyl, mono- and di- (C1.20 alkyI) amino cartaonyl. Cq^ aryl, 
aralkyi, C^zo aryloxy carbonyl, 07.26 aralkoxyl carbonyl, C^^a arylamino 
carbonyl, C7.20 aralkyi amino carbonyl, Cz^o aralkylamino and Cz-io acyloxy 

30 groups. In which an alkyI or aryl group has a substituent which is responsive 
to a stimulus and in which any of the alkyI or aiyl groups may additionally be 
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substituted by one or more substituents selected from halogen atoms, 
alkoxy, ollgo-alkoxy. aryloxy. acyloxy, acylamino, amine (Including.mono and 
dl-alkyi amino and trialkylammonium in which the alkyi groups may be 
substituted), carbo)^, sulphonyl, phosphoryl, phosphino, (including mono- 
5 and di- alkyI phosphine and tri-alkylphosphonium), zwitterionlc. hydrojQrl 
groups, vinyloxycarbonyl and other vinylic or allylic substituents. and 
reacUve silyl or silylo^Qr groups, such as trialkoxysllyl groups. 

21. A polymerisation process according to dalm 20 In which the 
stimulus responsive substttuent comprises a group selected from carboxyllc, 

10 carboxylate, SO^H, SO,'. POgHR* and PO^-R^ and PO,^ In which R^" is 
selected from the group consisting of hydroxyl, C,.,2 alkyI C,.„ alkoxy. C^,^ 
afyJ. Ccie aryloxy. Cj.^ aralkyl and Cy.^ aralkoxy. 

. 22. A polymerisation process according to claim 21 in which the 
stimulus responsive substituent is selected from the group consisting of 

IS NR2^,.N*Fe^,H.PR222.rR^2H. SR^\S*R2H wherein the or each group 

is selected from the group consisting of hydrogen, optionally substituted C,^ 
alky! and aryl. or the two groups r2^ are joined to form, together vwth the 
heteroatom to which they are each attached, a 5-7 membered heterocycle, 
and each R^ is R^^ or OR^^ 

23. A polymerisation process according to any of claims 16 to 22 in 
which the polydispersity of the molecular weight of the core block is less 
than 2.0, preferably in the range 1.1-1.5. 

24. A polymerisation process according to any of claims 16 to 23 in 
which the ratio of the mean degree of polymerisation of the core block to the 

25 mean degree of polymerisation of the tennlnal blocks is in the range 20:1 to 
1:1, preferably in the range 1 0:1 to 2:1 . 

25. A polymerisation process according to any of claims 16 to 24 In 
which e&ch polymerisation step is conducted by controlled radical 
polymerisation, preferably by atom transfer radical polymerisation. . 

30 26. A polymerisation process according to claim 25 in which the 

core block monomers are polymerised in the presence of a difunctional 
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initiator of Xne general formula VI II 
>vhere: 

5 X* is selected from the group consisting of CI, Br, I. 0R^^ SR^, SeR^. 
OP(=0)R^. 0P(=0)(0R»)2, 0-N(R^)2 and S-C(=S)N(R^)2, where R^ is 
alkyi of from 1 to 20 carbon atoms in which each of the hydrogen atoms may 
be independently replaced by halide. is aryl or a straight or branched C^- 
C20 alkyI group, and where an m^^h group Is present, the two R^ groups 
10 may be joined to form a 5- or 6-membered heterocyclic ring; 

R^ \s a C,^ alkyI substituted with CR^R^^X*. X^R^^R*-C-C« alkoxy- 
and X^R^^R'^'C- ollgo (Ci^ alkoxy); 

r3o and R^' are each independently sfelected from U w yiuu p ■ 

consisting of H, halogen. C1-C20 alkyl. Cg-Ce cycloalkyl. C(sO)I^. 
15 C(=0)NR^R^. COCI. OH, CN. C2-C20 alkenyl, C2-C20 alkenyl oxlranyl. 

glycidyl, aryl, helerocyclyl. aralkyl. aralkenyl, -Ce alkyl In which flnom .1 to 
all of the hydrogen atoms ars rspiaced vwth halogen. C.-C^ alkyl substituted 
with from 1 to 3 substituents selected from the group consisting of O^-C^ 
alkoxy. aryl. heterocyclyl. C(^0)R^ C(=0)NR«R^, -CR»R^^X^ oxiranyl and 
20 glycidyl; 

where R** Is alkyl of from 1 to 20 carbon atoms, alkoxy of from 1 to 20 
carbon atoms, oligo(alkoxy) in which each alkoxy group has 1 to 3 carbon 
atoms, aryloxy or heterocyclylojy any of which groups may have 
substituents selected from optionally substituted alkoxy, ollgoalkoxy, amino 
. 25 (including mono- and di-alkyi amino and trialkyi ammonium, which alkyl 
groups, in tuni may have substituents selected firom a<yl, alkoxycartoonyl, 
alkenoxycarbonyl. aryl and hydroxy) and hydroxyl groups; and 

r35 and R^^ are independently H or alkyl of from 1 to 20 carbon atoms 
which alkyl groups, in turn may have substituents selected from acyl. 
30 alkoxycarbonyl, alkenoxycarbonyl, aryl and hydroxy, or R^ and R» may be 
joined together to form an alkanediyi group of from 2 to 5 carbon .^toms, thus 



30 
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forming a 3- to &-membered ring. 

27. A polymerisation process according to claim 26 in whicli the 
initiator is a compound of the formula IX 



x2 — c — R50— c — K 

wherein 

is a Cm alkanediyl. preferably straight chain, an alkoxyallQrl or an 
10 ollgo (Cm oxy)-. C^ alky!; . 
X^isahalide; 
eadi R®* is hydrogen; and 

each R*» is a group COR*» in which R** is a C1.6 alKoxy group. 
28. A polymerisation process according to any of claims 25 to 27 
IS which Is carried out in the presence of a catalyst comprising a transition 
metal compound !\/lt'^X*q, virtiere: 

M,*'* may bs selected from the group consisting of Gu^*; Cu^. Fe**". 
Fe^ Ru2*. Ru^Cr**, Cf^, Mo2*. Mo^, W^*, W^, Mn^ Mn^, Mn''*, Rh^. 
Rh^ Re^^ Re^*, Co*. Co^, Co^, V^*, v**^ zn*, 2n^ Ni^. Ni^ Au*. Au^*, Ag* 
20 andAg^*; 

Is selected from the group consisting of halogen, Ci-Cg-alkoxy, 
(S04)js, (P04)<«, (R^'Pb4)j4. (R^2P04), triflate. hexafluorophosphate, 
methanesulphonate, arylsulphonate. CN and R^Oj, where R^ is aryl or a 
straight or branched C,^ alM and R*» is H or a straight or branched C-Ce 
25 . alkyi group which may be substituted firom 1 to 5 tinies with a halogen; and 
q is the fornial charge on the metal (0 s q s7); and 
a ligand, selected from the group consisting of: 
a) ccMmpounds of the formulas: 



'-Z-R^. and 
R39.2:-(R*i.Z)m-R*° 
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>where: 

R'® and are Independently selected from the group consisting of ! 
H, C1-C20 alkyl. aryl, heterocyclyl and C,^e alkoxy. C,-C4 dialkylamino. 
C(=0)R'«. C(=0)NR^2 and A^C(=0)R'", where may be NR'® or O; R^ Is 

s alky I of from 1 to 20 carbon atoms, arylo)^ or heterocyqlyloxy; R"® is 

independently H or alkyi of ftom 1 to 20 carbon atoms or the two groups R** 
may be joined together to fbmn an alkanediyi group of from 2 to 5 carbon 
atoms, thus forming a 3- to 6-membered ring; R-^ is H, straight or branched 
C1-C20 a'M or a«V' and R^^ is hydrogen, straight or branched C,.2o-alkyl or 

10 aryl; or R^ and R^° may be joined to fomi, together with Z, a saturated or 

unsaturated ring; 

Z is O. S,. NR!* or PR"^, where R"** is selected from the same group as 
R39 and R''", and where Z is PR"®. R^® can also CrCzo alkoxy or Z may be a 
bond, CH2 or a fused ring, where one or both of R^ and R* is heterocyclyl, 

15 each R"^ is independently a divalent group selected from the group 

consisting of CrCe cycloalkalnediyi, C^-Ce cycloalkenediyl, arenediyl and 
heterocydylene where the covalent bo.^ds to each Z are at vicinal positions 
or R''' may be joined to one or both of R'^ and R'*" to formulate a heterocyclic 
ring system; and 

20 m Is fipom 1 to 6; . 

b) CO; 

o) porphyrins and porphycenes, which may be substituted with 
from 1 to 6 halogen atoms. Cre alkyI groups, C^^-alkoxy groups, 
aikoxycarbonyl. aryl groups, heterocyclyl groups, and C,^ alkyI groups 

25 - further substituted v>rtth from 1 to 3 halogens; 

d) compounds of the fonnula R^R'"'C(C(=0)R'»)2, where R^'^lsC,. 
20 alkyI, Ci.2o alkoxy, aryloxy or heterocyclyloxy; and each of R^^ and R-® Is 
independently selected from the group consisting of H, halogen, C,.2o alkyI, 
aryl and heterocyclyl, or R'^ and R'*^ may be joined to fomn a C^^ cycloalkyi 

3 0 ring or a hydrogenated aromatic or heterocyclic ring, of which the ring atoms 
may be further substituted with 1 to 5 C« alkyI groups, C,^ alkoxy groups, 
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halogen atoms, aryl groups, or combinations thereof; and 

e) arenas and cyclopentadienyl ligands, where said 
qrclopentadienyl (igand may be substituted with from one to five methyl 
groups, or may be linked through an ethylene or propylene chain to a 
5 second (^clopentadlen^ llgand. 

.29. A polymerisation process according to claim 28 in which the 
transition metal compound is CuBr, CuCI or RCI2 and the ligand is bipyridine, 
or 



10 




where is a suitable alkyi group, preferably C,^ alkyi, triphenylphosphine 
or 1 .1 ,4,7,1 0,1 0-hexamethyl-triethyiene tetramine. 
15 30. A composition comprising a block copolymer according to any 

of claims 1 to 15 dispersed in a solvent. 

31 . A cc.Tsposltlon accordir?g to daim 30 in which the solvent is 
aqueous. 

32. A composition according to claim 31 in which the block 

20 copolymer is as claimed in claim 6 in which the said substituent is a proton 
acceptor having a pH more than the pl^ of the conjugate acid of the said 
substituent. 

33. A composition according to claim 31 in.which the block 
copolymer is as claimed in claim 6 in which the said substituent is a proton 

25 acceptor, having a pH less than the pl^ of the conjugate acid of the said 
substituent. 

34. A composition according to claim 31 in which the block 
copolymer is as claimed in claim 6 in which the said substituent is a proton 
donor having a pH more than the pl^ of the said substituent. 

30 35; A composition according to claim 31 in which the block 

copolymer is as claimed in claim 7 in which the said substituent is a proton 
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donor, having a pH less than the pK* of the said substituent 

36. A composition according to claim 30 or 31 >Artilch is a gel. 

37. A composition according to claim 30 or 31 which is a liquid- 

38. A composition according to any of claims 30 to 37 which 
5 comprise® a biologically active agent, preferably a phamnaceutlcally or 

diagnostlcally active agent 

3g. A composition according to any of claims 30 to 38 which 
comprises an imaging agent, preferably selected from the group consisting 
of visible light dyes, UV dyes, radiopaque agents, nmr imaging agents and 

10 radioactive agents. 

40. A method In which a composition according to any of claims 30 

to 39 is subjected to a stimulus to which the stimulus-responsive blocte 
respond, whereby the terminal blocks respond to the stimulus to change the 
mechanical characteristics of the composition. 
15 41. A method according to claim 40 in which the stimulus is 

subsequently removed, whereupon the mechanical characteristics of the 
composition revert at least In part to their origina! values. 

42. A method according to claim 40 or 41 in which the stimulus is a 
change in the pH. 

20 43. A method according to dalm 40 or 41 in which the stimulus is 

selected from the group consisting of temperature change, shear, change in 
dissolved ion concentration and electromagnetic irradiation. 
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ABSTRACT 
BLOCK COPOLYMERS 
Block copolymers comprise a core block formed of hydrophilic 
monomers and haye pendant zwitterionic groups, and at least two terminal 
blocks, comprising stimulus-responsive groups. The core block has a 
degree of polymerisation of at least 100, whilst the terminal blocks have an 
average degree of polymerisation of at least 20. A solution of polymer in a 
liquid may be caused to change its characteristlcs, for instance rheology, 
upon being subjected to a stimulus such as a change in temperature or pH. 
Examples comprise core blocks formed of 2-methacryioyioxyethyl-2*- 
trimethylammohium ethylphosphate inner salt (MPC) and terminal blocks 
formed of 2-(diisopropylamlno)ethyl methacrylate. Upon changing the pH 
from around 2 to around 8, an aqueous solution of the block copolymer gels, 
the solution becoming mobile again upon lowering the pH. The effect is due 
to deprotonation of a quaternary ammonium pendant ion to fonn a non- 
Ionised group and subsequent protonation to form an Ionised group. This 
changes the hydrophiiicity of the terminal blocks and allowing formation of a 
network of micellar structures when the pendant groups are not ionised and 
relatively hydrophobic and associated . in micelles. 
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